
Introduction
Elimination of latently HIV-infected cells remain the biggest challenge to reach a cure. Current 
immunotherapy approaches have focused on targeting the adaptive arm of the immune system, 
such as therapeutic vaccines and the passive transfer of broadly neutralizing antibodies. Recent 
studies have shown that epigenetic reprogramming of innate myeloid cells triggered by adjuvants 
promoted protective interferon-induced antiviral immunity in vaccinees. We hypothesized that the 
dual blockade of IL10 and PD1 could synergize and lead to SIV-functional cure by triggering intrinsic 
antiviral immunity in monocytes and CD4 T cells resulting in lack of viral re-seeding post-ATI 
(Analytical Treatment Interruption) and by boosting innate and adaptive cellular effector function.

• RMs treated with aPD1+aIL10 controlled viral rebound post-ATI and had lower SIV-DNA in LNs
• Lower viral reservoir 24 weeks post-ATI is associated to pre-ATI: increased expression of antiviral ISGs, 

decreased inflammatory pathways, decreased plasma TGF-β levels
• This condition is associated to increased chromatin accessibility of IRFs and STATs binding sites and decreased 

FOS/JUN and SMAD2/3 target genes
• Same profile is observed in HIV ECs, who control viremia and present lower HIV reservoirs.
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Upregulation of IFNs and antivirals pathways and downregulation of inflammatory 
pathways in T cell subsets is associated to lower CA-vDNA in LNs post-ATI

FIG 7

Dual Treatment leads to viral rebound control post-ATI and decay in viral 
reservoir

IL10 and PD1 dual blockade leads to SIV viremia 
rebound control for up to 6 months post-ATI
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Twenty-eight rhesus macaques (RMs) were infected intravenously with SIVmac239. ART 
(TDF/FTC/DTG) was initiated at 42 days post-infection and maintained for 14-months prior to immune-
therapeutic interventions. RMs received de-immunized aIL-10 (n=10), aIL-10/aPD-1 (n=10), or vehicle 
(n=8). ATI was performed 12-weeks after the first dose of therapy has started. Infusions continued for 
14-weeks after ATI. RMs were followed longitudinally. Flow cytometry, cytokine array, and single-cell 
RNA-Seq/ATAC-Seq were conducted on SIV-infected, virologically suppressed rhesus macaques 
(RMs) treated with anti-IL-10 and anti-PD-1 antibodies (combo-treatment) before analytical treatment 
interruption (ATI). 

Methods

Anti-viral ISGs are expressed across different 
immune subsets pre-ATI in lymph nodes from 

dual treated animals

scMultiome RNA-seq + ATAC-seq
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FIG 8 Stimulation with TGF-β blocks IFN-induced antiviral 
responses in vitro 

Concluding Remarks

 Anti-IL-10/anti-PD-1 dual blockade leads to IFN-related HIV elite control signatures
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FIG 5 Antiviral signatures are elevated in CA-vDNAlo  

and epigenetic modifications, SMAD2/3 targets 
and inflammation are downregulated
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- Bulk RNA-Seq of LNs

↑ Antiviral genes/ISGs in Low Reservoir
• ISG15
• RSAD2
• TRIM7
• APOBEC3A

Genes downstream of TGFb
• TGFb associated with high reservoirs 

in both humans and NHPs
• Decreased epigenetic modifiers
• Decreased AP-1 signaling

↑

ISGs: Interferon stimulated genes
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Protective signatures from combo-treated 
CA-vDNAlo RMs overlaps signatures from 

HIV elite controllers
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	

NES	=	-1.44
p=0.021
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	

NES	=	-1.44
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	

NES	=	-1.44
p=0.021
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	

NES	=	-1.44
p=0.021
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	

NES	=	-1.44
p=0.021
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	

NES	=	-1.44
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	

NES	=	-1.44
p=0.021
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Gene	 Descrip+on	
LRRC59	 leucine	rich	repeat	containing	59	[Source:HGNC	Symbol;Acc:28817]	
ERBB2IP	 erbb2	interac+ng	protein	[Source:HGNC	Symbol;Acc:15842]	
NLRP3	 NLR	family,	pyrin	domain	containing	3	[Source:HGNC	Symbol;Acc:16400]	
IL1A	 interleukin	1,	alpha	[Source:HGNC	Symbol;Acc:5991]	
RIPK2	 receptor-interac+ng	serine-threonine	kinase	2	[Source:HGNC	Symbol;Acc:10020]	
TLR4	 toll-like	receptor	4	[Source:HGNC	Symbol;Acc:11850]	
CASP5	 caspase	5,	apoptosis-related	cysteine	pep+dase	[Source:HGNC	Symbol;Acc:1506]	

GO	id	 Descrip+on	 q-value	
GO:0032732	 posi+ve	regula+on	of	interleukin-1	produc+on	 0.029611704	
GO:0007249	 I-kappaB	kinase/NF-kappaB	cascade	 0.029611704	
GO:0051092	 posi+ve	regula+on	of	NF-kappaB	transcrip+on	factor	ac+vity	 0.029611704	
GO:0032728	 posi+ve	regula+on	of	interferon-beta	produc+on	 0.029611704	
GO:0032727	 posi+ve	regula+on	of	interferon-alpha	produc+on	 0.029611704	
GO:0006954	 inflammatory	response	 0.043868137	

NES	=	-1.44
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